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Summary

Flow quality studies in the Langley 14- by 22-Foot
Subsonic Tunnel indicated periodic flow pulsations
at discrete frequencies in the test section when the
tunnel operated in an open-jet configuration. To
alleviate this problem, experiments were conducted
in a 1/24-scale model of the full-scale tunnel to
evaluate the turbulence reduction potential of six
collector configurations.

For each collector configuration, the turbulence
level of the test section was recorded. The original
bell-mouth collector configuration produced the least
desirable turbulence characteristics, whereas a collec-
tor configuration with long straight walls and a slot
between the trailing edge of the collector and the en-
trance to the diffuser proved to be the most effective
in reducing the test section velocity fluctuations. The
effect of the test section length on the turbulence level
was also studied. The results of these tests showed
that a decrease in jet length was accompanied by a
decrease in the turbulence level.

As a result of these studies, the original bell-
mouth collector of the 14- by 22-Foot Subsonic Tun-
nel was replaced with a collector with straight walls,
and a slot was incorporated between the trailing edge
of the collector and the entrance of the diffuser.

Introduction

In many open test section configurations, aerody-
namic testing takes place without the constraints of
walls, floor, and ceiling. The Langley 14- by 22-Foot
Subsonic Tunnel is open on three sides and is con-
strained on the fourth side by the floor (refs. 1 and 2).
This test section, as seen in figure 1, is capable of
operating in both open and closed test section con-
figurations. In the open test section configuration
without the surface constraints, interactions of the
unstable shear layer with the uniform open jet occur
which create high levels of periodic oscillatory air-
flow. More specifically, the uniform free-stream open-
jet length from the nozzle exit, which has organized
vortex structure, expands downstream and induces
air at the outer boundary of the core to flow with
it. The mixing of ambient air and the unstable shear
layer produces a loss of momentum and velocity uni-
formity. Consequently, this produces unsteady, pul-
sating flow along the open jet at distinct tunnel veloc-
ities. This turbulence carries throughout the entire
wind-tunnel circuit, and the increased turbulence re-
sults in flow quality degradation. Since the open
test section configuration is used for rotorcraft model
and acoustical testing, the increased turbulence
and unsteady airflow interfere with aerodynamic
measurements.

Past efforts focused on unsteady flow along the jet
in the open test section configuration. These studies
established that the unsteady flow can be mitigated
by altering the surface of the jet with tabs or jet exit
vanes located at the exit of the contraction (ref. 3).
These devices served to eliminate the oscillating low
by spreading and stabilizing the shear layer and by
destroying the coherent vortex structure. The effects
of the jet exit vanes on the flow pulsations in the
14- by 22-Foot Subsonic Tunnel were reported in
references 4 and 5. Data from these experiments
showed that the presence of jet exit vanes reduced
flow pulsations. However, the vanes also produced an
adverse side effect—-reduction of the potential core of
the open jet.

Use of a collector to eliminate or reduce the How
pulsations without the disadvantage of decreasing the
size of the potential core was another method that
was investigated. Several different collector configu-
rations were evaluated in a 1/24-scale model of the
Langley 14- by 22-Foot Subsonic Tunnel. The collec-
tor was mounted to the test section floor in front of
the entrance to the first diffuser. Research by Jacobs
(ref. 6) indicated that a properly shaped collector
placed at the diffuser cntrance would reduce free-
stream turbulence levels. The selection of different
collector designs evaluated in the model tunnel was
based on the German-Dutch Wind Tunnel (DNW)
collector. This collector is comprised of straight walls
with an air slot between the trailing edge of the col-
lector and the first diffuser (ref. 7). The collector
has two functions: it facilitates smooth airflow entry
into the diffuser and also sets the rate of airflow that
enters the diffuser to maintain constant recirculating
flow around the tunnel circuit.

Symbols

Aca collector entrance area, ft?

A collector exit area, ft?

Lew length of collector wall, in.
Lyg open test section length, from

nozzle exit to collector, in.

gt tunnel dynamic pressure, psf

R radius of curvature, in.

rms root mean square

U mean free-stream air velocity, ft/sec

W, width of nozzle contraction at jet
cxit, in.

Wy width of first diffuser entrance, in.



Xp distance of hot-wire probe from
contraction jet exit, in.

7 longitudinal velocity fluctuations,
ft/sec (rms)

(g sidewall angle of collector sides, deg

o7 angle between deflector and ceiling,
deg

Test Apparatus and Collector
Configurations

A 1/24-scale model of the Langley 14- by 22-Foot
Subsonic Tunnel in the open test section configura-
tion was used to evaluate six different collector con-
figurations. A sketch of the model test chamber of
the tunnel in the open test section configuration is
shown in figure 2(a) and a photograph of the com-
plete tunnel circuit is shown in figure 2(b). Top-
and side-view sketches of cach collector configuration
evaluated are shown in figure 3.

Most collector configurations had three straight
sides two sidewalls and a top side. Some configura-
tions had sides of constant thickness, whereas others
were formed with a thick NACA airfoil profile. The
capture arca was varied by manipulating the sidewall
angle. Capture arca Agq/Ae is the cross-section area
at the collector entrance divided by the arca at the
collector exit. The addition of a deflector, which was
an extension from the collector top side to the test
section ceiling in the raised position, was also inves-
tigated. All configurations were evaluated with an
air slot between the trailing edge of the collector and
the entrance of the first diffuser.

Fluctuations in velocity were measured with a
onc-component constant-temperature, hot-wire ane-
momecter. The hot-wire probe used a 0.00015-in-
diameter platinum-coated, tungsten wire. The orien-
tation and calibration of the probe followed the same
procedure described in reference 4. The hot-wire
probe was located on the centerline of the test sec-
tion, 11 in. from the nozzle jet exit (X,/W. = 1.02)
unless otherwise specified.

Test Methods

For each collector configuration, the dynamic
pressure in the model tunnel was incrementally in-
creased from 2 to 40 psf. Frec-stream turbulence was
measured with the hot-wire probe, which provided
rms velocity fluctuations i, and the nondimensional
quantity /U was calculated. Graphs of p/U as a
function of the free-stream dynamic pressure q; were
used to measure the effectiveness of each collector
configuration.
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Test Results
Configuration 1

Configuration 1 models a bell-mouth collector.
This configuration, without a slot, represents the
original bell-mouth collector of the Langley 14-
by 22-Foot Subsonic Tunnel and is referred to as
the “baseline configuration.” Figure 4 shows the mea-
sured turbulence levels for configuration 1 as a func-
tion of tunnel dynamic pressure and probe location
(Xp/We). The variation of tunnel dynamic pressure
affects the level of turbulence intensity, with the
largest turbulence intensity occurring at the lower
dynamic pressures (g; = 2 to 10 psf) for all probe
locations.

To study the effects of slot length, the probe
was fixed 11 in. (X,/W, = 1.02) from the nozzle jet
exit. A sketch of the slotted collector configura-
tion is shown in figure 3(a). Figure 5(a) shows high
turbulence intensities for the unslotted baseline con-
figuration at tunnel dynamic pressures of 4, 8, 12,
and 22 psf. The turbulence levels are reduced with
a 1-in-long slot between the collector exit and the
diffuser entrance. The use of a slotted configuration
reduced the turbulent peaks by more than 50 percent,
except for the first peak which occurred at ¢; = 4 psf.

The application of a deflector, which is an exten-
sion from the leading edge of the top side of the col-
lector to the raised test section ceiling, was evalunated
to determine the effects on the test section turbulence
levels. A sketch of this collector configuration is also
presented in figure 3(a). A 3-in. slot plus a deflec-
tor eliminated the turbulent peaks at ¢; = 6 psf and
12 psf and significantly reduced the high turbulence
intensity at g = 2 psf. (See fig. 5(b).)

Configuration 2

Unlike the baseline configuration, collector con-
figuration 2 incorporated straight sidewalls
(Lew /Wy =0.74) with a small rounded lip at the
entrance to the collector (fig. 3(b)). In compari-
son with the baseline configuration, configuration 2
(without slot and deflector) reduced most high tur-
bulent intensities except for the peak at ¢ = 2 psf.
(See fig. 6.) The addition of a 1-in. slot further re-
duced the high turbulent intensities at g; = 2 psf and
gy = 18 psf. The combination of a 1-in. slot and a
deflector {fig. 3(b)) resulted in significant turbulence
reduction in the test section. This configuration pro-
duced a test section turbulence level of 0.4 percent
without the presence of high turbulent intensities.

The effect on free-stream turbulence levels of
varying slot length and the capture area in configura-
tion 2 was also investigated. Capture area, the ratio



of the cross-section area at the collector entrance di-
vided by the area at the collector exit, Aq,/Ae, was
varied by manipulating the sidewall angle only. Fig-
ure 3(b) shows a sketch of configuration 2 with a
capture area Agq /A, of 1.85. A larger and a smaller
capture arca (Agg/Ae = 2.19 and 1.62) were also
used, and the results are presented in figure 7. The
larger capture arca produced lower turbulence levels,
particularly with a 1-in-long slot.

Configuration 3

Collector configuration 3 had shorter walls
(Lew/ Wy = 0.69) than configuration 2 and the top
of the collector extended to the ceiling of the test
section. Two capture arcas were investigated with
this configuration. Sidewall angles of 7° and 26° pro-
duced capture areas of 2.10 and 2.85, respectively. As
shown in figure 8, high turbulent intensities were not
present for the larger capture arca (A, /Ae = 2.85).
With the smaller capture area (Aq,/A. = 2.01), the
test section turbulence level was slightly higher than
with the larger capture area.

Configuration 4

Collector counfiguration 4 had shorter walls
(Lew /Wy = 0.37) than configuration 3. Several de-
flector positions were investigated with this config-
uration; each extended to the ceiling with incidence
angles from 25° to 90°. Results in figure 9(a) show
that the deflector positioned at 25° produced the low-
est turbulent peaks for configuration 4.

To study the effect of sidewall length, configu-
ration 4 was fitted with longer sidewalls by mount-
ing sidewall extensions to the existing 4.5-in. side-
walls.  The 1l-in. and 2-in. sidewall extensions
(Lew /Wy = 0.45 and 0.54, respectively) were cval-
nated with the deflector angle fixed at 45°. Re-
sults in figure 9(b) show a significant decrease in the
turbulent peaks with the 2-in. extension.

Another variable that was cxplored to determine
its effect on test section turbulence level was exten-
sions to the nozzle at the jet exit. The nozzle exit was
varied by the addition of straight sidewall extensions
on all three sides of the nozzle. With the addition of
the nozzle extensions and the collector position fixed,
the test section length, Lpg., was subsequently re-
duced. The nozzle extensions were investigated with
collector configuration 4 (without extensions) using
the 45° deflector. Figure 10(a) shows the effects of
2-in. and 3-in. nozzle extensions, Lpg/W, = 2.43
and 2.34, respectively. The turbulent fluctuations
decreased, but high peaks still persisted at tunnel
dynamic pressure of g = 3 psf.

The final variation studied with collector config-
uration 4 was the effect of measurement location.
Figure 10(b) shows the effects of the measurement
location and nozzle extensions. The data are pre-
sented for no nozzle extension, normal measure-
ment location; no nozzle extension, hot-wire mea-
surement location moved forward 3 in. toward the
jet exit; and 3-in. nozzle extension, measurement lo-
cation moved back 3 in. from the normal measure-
ment location. The turbulent peak at g = 3 psf is
not eliminated by moving the measurement location
forward 3 in. (Lyg/W. =261, X,/W.=0.73) or
by adding a 3-in. nozzle extension (Lyg/W, = 2.34,
Xp/W,. =0.73).

Configuration 5

In collector configuration 5, the straight side-

wall profile was replaced with sidewalls that incor-
porated curvature with an airfoil profile. Config-
uration 5 used a sidewall thickness distribution of
an NACA 664-021 airfoil with a chord of 5 in.,
Lew /Wy = 0.41. Experiments were performed with
sidewall incidence angles «,, measured with respect
to airfoil chord line, of 10° and 29.3° and collector
top angles a; of 12° and 20.5°, respectively. Test
section turbulence levels for these two configurations
arc shown in figure 11. A large turbulent pcak ap-
peared at a tunnel dynamic pressure of ¢ = 3 psf,
regardless of the incidence and sidewall angles.

Configuration 6

Collector configuration 6 was similar to configura-
tion 5, except the sidewall airfoil chord was increased
to 7 in., Lew /Wy =0.58. For ay = 4° and 14°, low
turbulence levels resulted; except at ¢ = 3, the level
rose to 1 percent (fig. 12). When compared with re-
sults for the baseline bell-mouth configuration. the
turbulence levels for configuration 6 were signifi-
cantly reduced.

Summary of Results

Table 1 provides a summary of the six different
collector configurations and the parameters that were
varied. The geometry of the collector was the dom-
inant variable for reducing test scction turbulence.
The original baselinc bell mouth was the least ef-
fective design, whereas collectors with straight, long
walls produced the best results. Overall, collec-
tors which had the longer sidewalls. configurations 2
and 3, produced lower test section turbulence than
the configurations with shorter sidewalls, configura-
tions 4, 5, and 6. Howcver, configuration 4 with
deflectors lowered these high turbulence levels, espe-
cially at the lower tunnel dynamic pressures (g = 3).
The usc of streamlined walls (NACA 664-021 airfoil
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cross section) did not improve the test section turbu-
lence levels.

Another important influence on turbulence lev-
els was the slot located betwcen the trailing edge
of the collector and the diffuser entrance. Eval-
uation of collector configuration 1 without a slot
(baseline configuration) and with slot widths of 1, 2,
and 3 in. demonstrated that a slot can greatly reduce
turbulence levels, particularly at tunnel dynamic
pressures above ¢ = 8.

The effect of the location of the turbulence mea-
surement position was also investigated with collec-
tor configurations 1 and 4. Varying measurement lo-
cation showed that turbulence levels increased with
increasing distance from the nozzle jet exit.

Conclusions

Several collector configurations tested in the open
test section configuration of the 1/24-scale model of
the Langley 14- by 22-Foot Subsonic Tunnel resulted
in collector designs which were improvements over
the original bell-mouth collector. The test results
lead to the following conclusions:

1. Peak turbulence levels of 2.6 percent were ex-
perienced with the original bell-mouth collector
without a slot.

2. Collectors that utilized a slot between the trailing
edge of the collector and the first diffuser entrance
and that incorporated a straight wall profile
reduced turbulence levels.

3. Deflectors that extended the top wall of the collec-
tor to the ceiling tended to reduce the turbulence
levels.

4. Turbulence levels are a function of measurement
position relative to the nozzle jet exit. Turbulence
levels increased with increasing distance from the
nozzle jet exit.

As a result of these studies, the original bell-
mouth collector of the Langley 14- by 22-Foot Sub-
sonic Tunnel was replaced with a straight wall
collector, and a slot was incorporated between the
trailing edge of the collector and the first diffuser
entrance.

NASA Langley Research Center
Hampton, VA 23665-5225
April 1, 1992
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Figure 2. A 1/24-scale model of 14- by 22-Foot Subsonic Tunnel.
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